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Abstract
We examined the effect of the hydrophobic/hydrophilic nature of the microporous layer (MPL) on membrane-
electrode assembly (MEA) performance. The MEA using a hydrophilic MPL showed much better performance in a 
wide range of pressure and humidity conditions than that using a hydrophobic MPL. In the MEA operation without 
humidification, the MEA using a hydrophobic MPL showed a rapid drop in cell voltage with a rise in temperature, 
whereas the MEA employing a hydrophilic MPL maintained fairly high cell voltage even at 95°C, suggesting that the 
hydrophilic MPL helps prevent drying out of the membrane under the dry condition. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Grove 
Steering Committee. 
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1. Introduction
Polymer electrolyte fuel cells (PEFCs) have been investigated as a power source for electric vehicles 
and other applications. A typical membrane-electrode assembly (MEA) in a PEFC consists of an ion-
exchange membrane with a pair of electrodes (i.e. an anode and a cathode) on opposite faces of the 
membrane. The MEA is sandwiched together between two gas diffusion layers (GDLs). In the case when 
identical MEAs are used, the performance of MEAs largely depends on the properties of the GDL. GDLs 
are usually treated with hydrophobic materials such as polytetrafluoroethylene (PTFE) in order to 
improve the water removal within the GDLs. In addition, it is common to have a microporous layer 
(MPL), consisting of carbon black mixed with a PTFE binder, between the catalyst layer and GDL. 
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Generally, hydrophobicity is believed to be key to water management. The role of MPLs in water 
management is debatable, but in recent years, a growing number of papers have been published, which 
focused on the transport of water from the cathode side to the anode side [1–3]. However, most of the 
previous results were obtained using a hydrophobic MPL for both anode and cathode GDLs. Very few 
studies have ever been reported into the effect of combinations of the hydrophobic and hydrophilic anode 
and cathode GDLs on MEA performance. We wondered what would happen if a hydrophilic MPL, which 
creates little pressure barrier for water, was used for the anode/cathode GDL. In a previous paper [4] we 
reported that there is no significant difference in performance between the MEA using an anode GDL 
with a hydrophobic MPL and that using a non-hydrophobic anode GDL. We also found that MEA 
performance is largely dependent of the combinations of hydrophobic and hydrophilic materials used for 
anode and cathode GDLs; the best performance was obtained for the MEA using a hydrophilic GDL for 
the cathode. The previous study covered the results employing a hydrophilic double-layer MPL for the 
cathode GDL. Here we report on the difference in MEA structure and performance between the MEA 
using a hydrophobic MPL for the cathode GDL and that using a hydrophilic single-layer MPL for the 
cathode GDL. We have developed hydrophilic single-layer MPLs so that we can reduce manufacturing 
cost, while maintaining equivalent performance to a double-layer MPL. 
2. Experimental
2.1. MPL coating 
MPLs were prepared by coating slurry of carbon fiber, mixed with ionomer in a water-ethanol (1:1) 
mixture, on the GDL substrate. The carbon fiber was used as received. Vapor grown carbon fiber (VGCF-
H, Showa Denko KK), ionomer dispersion (Flemion, 910 equivalent weight (EW); Asahi Glass Co Ltd), 
water, and ethanol were mixed with an ultrasonic homogenizer to prepare MPL coating slurries. The solid 
content of the slurry was 20 wt% and the ionomer content was 33.3 wt%. The slurry was then applied on 
the GDL substrate (improved H2315, hydrophobic treated GDL without an MPL, Freudenberg-NOK) 
using a wire rod coater, so that the amount of solid would be 3.0 mg/cm2, and the coated GDL was dried 
in a convection oven at 80°C for 30 min. A commercially available GDL with a hydrophobic MPL 
(H2315 T10X6 CX96 by Freudenberg-NOK) was used as a reference standard. The properties of the 
commercially available materials are listed in the previous paper [4, 5]. 
2.2. Catalyst coating and MEA preparation 
The cathode catalyst ink (catalyst: 55 wt% Pt-7 wt% Co/C, Tanaka Kikinzoku Kogyo) was coated on 
the MPL (Pt loading: 0.2 mg/cm2) using a wire rod coater to prepare a gas diffusion electrode (GDE) as 
described in the previous paper [4]. The anode catalyst ink (catalyst: 20 wt% Pt/C, Tanaka Kikinzoku 
Kogyo) was coated to fabricate a thin-layer electrode, which was transferred via a decal method onto a 
membrane (experimental, 25 Pm, EW650). The anode Pt loading was 0.05 mg/cm2. MEAs were 
assembled in a single step by hot-pressing (160°C, 3.0 MPa, 2 min) a cathode GDE, an anode-coated 
membrane, and an anode GDL, so that the anode and cathode catalyst layers were in contact with the 
membrane. The MEAs, which have an active electrode area of 25 cm2, were assembled into a test cell. As 
a reference GDL for the anode, a GDL (X0086 IX51 CX173, hydrophobic treated GDL with an MPL, 
Freudenberg-NOK) was used. 
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2.3. MEA performance testing 
The single cell fixture comprised an MEA and a pair of graphite plates with a single serpentine flow 
channel of 0.8 mm width and 0.7 mm depth for the anode, and a single serpentine flow channel of 1.0 mm 
width and 1.0 mm depth for the cathode. Hydrogen and air/oxygen were supplied in a counter-flow 
configuration. The polarization curves were recorded at 100% RH and 30% RH, under nine combinations 
of anode and cathode pressure (anode/cathode pressure, kPa = 0/0, 0/50, 0/100, 50/0, 50/50, 50/100, 
100/0, 100/50, 100/100). Also, the polarization curves were measured at ambient pressure, for four 
combinations of anode and cathode humidity conditions (anode/cathode RH% = 30/30, 30/100, 100/30, 
100/100). For the wet and dry conditions, the cell temperature was kept at 80°C, and the stoichiometric 
ratios of hydrogen and air were 1.4 and 2.0, respectively. Within the current density range of 0–0.2 Acm–2,
the current was held at each point for 5 min to allow the potential to reach a steady state; whereas in the 
range of 0.2–2.0 Acm–2, the potential was measured after 10 min. The high temperature MEA operation 
was carried out without humidification, raising the cell temperature from 80°C in 5 degree increments 
with the stoichiometric ratios of hydrogen and air were 1.4 and 2.0, respectively, and under an anode and 
cathode pressure of 75 kPa.
2.4. Characterization 
The pore size distribution was measured using mercury intrusion porosimetry (AutoPore IV 9500, 
Shimadzu Co). The elemental mapping of sulfur was obtained by field emission electron probe micro-
analysis (FE-EPMA) using a JEOL JXA-8500F. The acceleration voltage was 15 kV, and the beam 
current was 30 nA. 
3. Results and discussion 
The two MEAs shown in Fig. 1 were compared in this study. They are identical with the exception of 
the MPL. One is an MEA using a hydrophobic MPL for the cathode GDL, and the other is an MEA 
employing a hydrophilic single-layer MPL for the cathode GDL. 
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Fig.1. Configuration of MEAs: (a) MEA with a hydrophobic cathode MPL (left); (b) MEA with a hydrophilic 
cathode MPL (right). 
Fig. 2(a) is an SEM image and Fig. 2(b) shows elemental mapping of sulfur in the cross-section of the 
cathode gas diffusion electrode (GDE) employing a hydrophilic single-layer MPL, obtained using a field 
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emission electron probe micro analyzer (FE-EPMA). The ionomer is perfluorosuofonic acid and contains 
sulfur. The ionomer, shown in orange, features prominently in the cathode catalyst layer, and sporadically 
in the MPL.
GDL Substrate
Cathode 
Catalyst Layer
Hydrophilic 
Single-Layer MPL
(VGCF/Ionomer)
Cathode CL
Hydrophilic MPL
GDL Substrate
Fig. 2. (a) SEM image (left); (b) Elemental mapping of sulfur by FE-EPMA (right). 
Figure 3, obtained using the mercury porosimeter, shows the pore size distribution of the hydrophobic 
GDL and hydrophilic GDL. In this study the GDL is defined as one that comprises an MPL and GDL 
substrate. Both GDLs have almost the same size pores in the GDLs, but the hydrophilic MPL has larger 
pores than the hydrophobic MPL. This is probably because the hydrophilic MPL consists of ionomer and 
carbon fiber which has a 0.15 Pm diameter, while the hydrophobic MPL is made up of PTFE and very 
fine spherical carbon black particles, resulting in a different structure. 
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Fig. 3. Pore size distribution of the hydrophobic GDL and hydrophilic GDL. 
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The surface nature of the GDLs is completely different as a matter of course. The hydrophobic GDL 
did not get wet even after being immersed in 80°C water for 3 h. As in the case of the GDL with a 
hydrophilic double-layer MPL, the GDL with a hydrophilic single-layer MPL was soaked uniformly after 
being immersed in 80°C water for 30 min. We therefore assume that the hydrophilic GDL will become 
soaked by produced water and vapor water in the actual PEFC operating environment. 
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Fig. 4. Polarization curves of the MEAs at 80°C: (a) 100% RH (left); (b) 30% RH (right). 
Polarization curves of the MEAs at 80°C under wet (100% RH) and dry (30% RH) conditions are 
indicated in Fig. 4(a) and Fig. 4(b), respectively. These data were obtained under an anode and cathode 
pressure of 50 kPa. Next, we examined how various levels of anode and cathode pressure affect MEA 
performance. Figures 5(a) and 5(b) show the cell voltages and high frequency resistances (HFRs) of the 
MEAs when operated at 80°C, under nine combinations of anode and cathode pressure. The results for 
the MEA using a hydrophobic MPL and that of the MEA using a hydrophilic MPL are illustrated in Fig. 
(4a) and Fig. 4(b), respectively. Comparison of these Figures shows that the cell voltage of the MEA 
using a hydrophilic MPL is less affected by the difference in anode/cathode pressure. In the case of a dry 
condition of 30% RH, the cell voltages and HFRs of the MEAs are shown in Fig. 6(a) and Fig. 6(b), 
respectively. It is also apparent that the cell voltage of the MEA using a hydrophilic MPL is not as 
significantly affected by the pressure difference as that of the MEA employing a hydrophobic MPL. As 
indicated in Figs. 6(a) and 6(b), the HFRs of the MEA using a hydrophobic MPL are higher than those of 
the MEA employing a hydrophobic MPL, suggesting that the hydrophilic MPL help prevent drying out of 
the membrane. 
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Fig. 5. (a) Cell voltage and HFR of the MEA using a hydrophobic MPL (80°C, 100% RH) (left);
(b) Cell voltage and HFR of the MEA using a hydrophilic MPL (80°C, 100% RH) (right). 
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Fig. 6. (a) Cell voltage and HFR of the MEA using a hydrophobic MPL (80°C, 30% RH) (left);
(b) Cell voltage and HFR of the MEA using a hydrophilic MPL (80°C, 30% RH) (right). 
Next, the effect of the combinations of various levels of anode and cathode humidity on MEA 
performance was examined. Fig. 7(a) shows the cell voltages and HFRs of the MEA using a hydrophobic 
MPL, and Fig. 7(b) indicates those of the MEA employing a hydrophilic MPL. 
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Fig. 7. (a) Cell voltage and HFR of the MEA using a hydrophobic MPL (80°C, ambient pressure) (left);
(b) Cell voltage and HFR of the MEA using a hydrophilic MPL (80°C, ambient pressure) (right). 
The MEA using a hydrophilic MPL shows excellent performance in any combination of anode and 
cathode humidity, indicating that the water content in the membrane is lower in the MEA employing a 
hydrophobic MPL. 
When operating an MEA, it usually needs to be humidified in order to maintain conductivity of the 
membrane. However, it is desirable that a stack is operated with low or no humidification, because the 
overall cost of the fuel cell system can be reduced by eliminating a humidifier. We compared the MEA 
performance between the MEA using a hydrophobic MPL and that employing a hydrophilic MPL without 
humidification while raising the cell temperature. The change in the cell voltage is shown in Fig. 8.
MEA/Hydrophilic MPL
MEA/Hydrophobic MPL
Temperature
Fig. 8. High-temperature operation of MEAs without humidification. 
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Because there is no humidification, the relative humidity in the cell becomes lower as the temperature 
rises. The MEA using a hydrophilic MPL maintains a fairly high cell voltage even at 95°C. On the other 
hand, the MEA employing a hydrophobic MPL show a rapid drop in cell voltage with a rise in 
temperature. Even without humidification, the MEA using a hydrophilic MPL can work at higher 
temperatures, compared with that using a hydrophobic MPL. 
4. Conclusions
We have clarified the difference in MEA structure and performance between an MEA using a 
hydrophobic cathode MPL and one employing a hydrophilic single-layer MPL. FE-EPME observation 
revealed that the ionomer exists sporadically in the hydrophilic MPL. The results obtained using a 
mercury porosimeter show that the hydrophilic MPL has larger pores than the hydrophobic MPL, which 
probably results from the difference in carbon materials used. The cell voltage of the MEA using a 
hydrophilic MPL is not as significantly affected by the pressure difference as that of the MEA employing 
a hydrophobic MPL. The MEA using a hydrophilic MPL exhibits excellent performance in any 
combination of anode and cathode humidity, indicating that the water content in the membrane is lower in 
the MEA employing a hydrophobic MPL. The result of high-temperature operation of MEAs without 
humidification indicates that the MEA using a hydrophobic MPL shows a rapid drop in cell voltage with 
a rise in temperature. On the other hand, the MEA employing a hydrophilic single-layer MPL maintains a 
fairly high cell voltage even at 95°C, suggesting that the hydrophilic MPL helps prevent drying out of the 
membrane under the dry condition. 
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